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PURPOSE: To obtain a semiconductor device in which the leakage 
current of a P-N junction formed between an impurity region and a 
semiconductor substrate and its change amount are reduced while 
the semiconductor device is being made fine when the potential of 
the substrate or the impurity region is changed regarding the 
impurity region which is formed inside the substrate and whose 
conductivity type is opposite to that of the substrate. 
CONSTITUTION: In a semiconductor device provided with an N- 
type impurity region, the state of an impurity concentration 
distribution 5 in the N-type impurity region inside a P-type 
substrate is set at a gentle concentration gradient 6 at the inside of 
the impurity region, the state is set at a steep concentration 
gradient 7 near an N-P junction 8 which is formed between a 
concentration distribution 4 for the P-type substrate and the N- 
type impurity concentration distribution 5, and the leakage current 
of a P-N junction and its change amount can be reduced. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The semiconductor device 
which it was concentration distribution 
loose inside the field which said 
semi-conductor substrate and P-N 
junction were ****(ed), and concentration 
distribution changed steeply near [ said ] 
P-N junction, and was separated from 
said P-N junction to the position in a 1 
conductivity-type semi-conductor 
substrate, and also was equipped with 
the impurity range of a conductivity type. 
[Claim 2] The manufacture approach of 
the semiconductor device equipped with 
the process which introduces the 
impurity of other conductivity types into 
the position in a 1 conductivity type 
semi-conductor substrate by the ion 
implantation, and forms the impurity 
range of other conductivity types, the 
process which introduces a fluorine into 
the position of said impurity range by the 



ion implantation, and the process which 
heat-treats to said substrate. 
[Claim 3] The manufacture approach of 
the semiconductor device according to 
claim 2 characterized by using the 
impregnation mask used when carrying 
out the ion implantation of the impurity 
of other conductivity types as a mask 
when carrying out the ion implantation of 
the fluorine. 

[Claim 4] The manufacture approach of 
the semiconductor device according to 
claim 2 or 3 characterized by performing 
the ion implantation of a fluorine by the 
large inclination to a substrate. 
[Claim 5] It is [ a component isolation 
region and ] MOS to a 1 conductivity type 
semi-conductor substrate front face . 
Semiconductor device with which 
concentration distribution was equipped 
with the source drain field which changes 
steeply near the junction of the desired 
location form between substrates while it 
consisted of a gate electrode formed in the 
part used as a mold transistor field , and 
an impurity of other conductivity types 
and had concentration distribution loose 
inside . 

[Claim 6] The manufacture approach of 
the semiconductor device equipped with 
the process which forms the part used as 
a component isolation region and a 
MOS-transistor field in a 1 
conductivity-type semi conductor 

substrate front face, the process which 
forms a gate electrode in the part used as 
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said MOS -transistor field, the process 
which introduces the impurity of other 
conductivity types by the ion 
implantation, and forms a source drain 
field, the process which introduce a 
fluorine into the position of said source 
drain field by the ion implantation, and 
the process which heat-treat to said 
substrate. 

[Claim 7] The manufacture approach of 
the semiconductor device according to 
claim 6 characterized by using the same 
thing for the ion-implantation mask for 
source drain field formation, and the 
mask of the ion implantation of a fluorine. 
[Claim 8] The manufacture approach of 
the semiconductor device according to 
claim 6 or 7 characterized by performing 
the ion implantation of a fluorine by the 
large inclination to a substrate. 
[Claim 9] The semiconductor device 
equipped with the impurity range of 
concentration thinner than said source / 
drain field with the conductivity type 
besides a wrap for all or some of the gate 
electrode formed in the 1 
conductivity- type semiconductor 
substrate front face at the part used as a 
component isolation region and a MOS 
transistor field, the source / drain field 
which consists of an impurity of said 
other conductivity types, and said source 
/ drain fields. 

[Claim 10] The process which forms the 
part used as a component isolation region 
and a MOS transistor field in a 1 



conductivity- type semiconductor 
substrate front face, The process which 
forms a gate electrode in the part used as 
said MOS transistor field, The process 
which introduces the impurity of other 
conductivity types by the ion 
implantation, and forms the impurity 
range of thin concentration, The 
manufacture approach of the 
semiconductor device equipped with the 
process which introduces the impurity of 
said other conductivity types by the ion 
implantation, and forms the source / 
drain field, the process which introduces 
a fluorine into the position of the 
impurity range of said thin concentration 
by the ion implantation, and the process 
which heat-treats to said substrate. 
[Claim 11] The manufacture approach of 
the semiconductor device according to 
claim 10 characterized by using the same 
thing for the thin ion-implantation mask 
for impurity range formation of 
concentration, and the mask of the ion 
implantation of a fluorine. 
[Claim 12] The manufacture approach of 
the semiconductor device according to 
claim 10 or 11 characterized by 
performing the ion implantation of a 
fluorine by the large inclination to a 
substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to a semiconductor device and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] 
Conventionally, installation of the 
impurity to the inside of a semi-conductor 
substrate and formation of an impurity 
range have an approach by the thermal 
diffusion from the substrate front face of 
heat-treating by placing into the ambient 
atmosphere containing the impurity of a 
request of a substrate, and a method of 
introducing a desired impurity into a 
substrate with ion-implantation, and 
adding heat treatment for activation of 
an impurity. 

[0003] The distribution condition of the 
impurity within the substrate when 
using these approaches is explained 
using drawing 8 . An axis of ordinate 
shows high impurity concentration, and 
an axis of abscissa shows distance. First, 
in installation by thermal diffusion, an 
impurity invades from a substrate front 
face, and that impurity is diffused during 
this heat treatment. It decreases 
gently- sloping as for this reason the 
distribution 103 of an impurity becomes 
high concentration and becomes deep 
from a front face after that on a front face. 



When an ion implantation and heat 
treatment are used, the distribution 
condition of an impurity serves as the 
so-called Gaussian distribution about one 
ion implantation, and acceleration energy 
determines the peak location of 
concentration. Moreover, the distribution 
at the time of performing acceleration 
energy various with the same impurity 
and the ion implantation of a dose will be 
in the distribution condition which the 
distribution about each impregnation 
overlapped and was added in each 
location. 

[0004] By the way, drawing is coming 
improvement in a degree of integration, 
and improvement in the engine 
performance by the semiconductor device 
by performing much more 
detailed ization. As one of the means 
which performs detailed-ization, there is 
control of diffusion of the 
conductivity- type impurity introduced 
into the semi-conductor substrate. This is 
controlling the breadth of the impurity to 
a horizontal or a perpendicular direction 
to a substrate front face, and is an 
approach aiming at each components 
made detailed making it operate, without 
connecting too hastily electrically 
physical again. It is the approach of 
making the impregnation energy low and 
specifically making it shallow, if it is 
ion-implantation about installation of an 
impurity when forming an impurity 
range near a substrate front face like the 
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approach of shortening time amount, for 
example, the source/drain of a MOS 
transistor, or it low-temperature-izes 
temperature of a heat treatment process 
etc. 

[0005] MOS mold structure is explained 
using drawing 9 . Generally a MOS 
transistor consists of isolation 121, a gate 
electrode 122, and the source / drain field 
128. For example, the LDD (Lightly 
Doped Drain) field 125 formation which 
makes others thinly the source / drain 
concentration directly under the gate for 
securing dependability with the structure 
of a MOS transistor, For example, the 
RT.S. (punch through stop) field 126 
formation only whose position in a 
substrate makes substrate concentration 
deep for short-channel-effect control, For 
example, the C.S. (channel stop) field 124 
formation which makes deep substrate 
concentration directly under a component 
isolation region for the improvement in a 
separation proof pressure is taken in, and 
improvement in the engine performance 
is achieved. Moreover, formation of these 
impurity ranges is performed by the 
thermal diffusion of the impurity of a top 
description poor request, or the 
combination of an ion implantation and 
heat treatment. 
[0006] 

[Problem(s) to be Solved by the 
Invention] however, by the approach of 
forming an impurity range in the 
combination of the above thermal 



diffusion and ion implantations, and heat 
treatment When it explains using 
drawing 8 , the distribution condition of 
an impurity Have a high-concentration 
peak location in the interior of a field, 
and become steep [ distribution of 
concentration ] from the location 
immediately before and behind that. That 
is, although it is shallow, it becomes the 
steep distribution 104, or even if the 
distribution condition inside a field is 
loose, an impurity is spread considerably, 
and spreads in a horizontal / vertical both 
directions, that is, will become the loose 
but deep distribution 105. 
[0007] Although P-N junction 111 is 
formed between an impurity range and a 
substrate at this time, the distribution 
condition of an impurity has a 
high-concentration peak in the interior of 
an impurity range, when it is distribution 
steep from this peak location to a tail 
location, if the potential of an impurity 
range changes and depletion-layer width 
of face changes in connection with this, 
since concentration distribution of an 
impurity range is steep, the variation of 
junction leakage current will also become 
rapid and the problem will change a lot 
will also produce substrate potential. 
Moreover, since the concentration of an 
impurity also becomes high, the problem 
that the power consumption at the time 
of junction leakage current itself 
increasing and constituting a circuit will 
increase arises. 
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[0008] Moreover, in the case where a 
formation process is made in simple, in 
order for the distribution condition inside 
an impurity range to make it loose, it is 
necessary to fully diffuse the impurity 
introduced by the ion implantation by 
heat treatment. In this case, since an 
impurity range spreads, the problem that 
it becomes difficult to achieve 
detailed-ization arises. 
[0009] Distribution inside an impurity 
range is gently carried out to others, and 
there are level and an approach shown in 
drawing 8 (b) as approach which is not 
diffused perpendicularly about an 
impurity range. namely, the ion 
implantation of impurity installation - 
acceleration energy ■- gradual changing 
•- many times - 106 -- carrying out - heat 
treatment of activation - low 
temperature - and a short time -- ****** 
-- ** By this approach, it will not be in the 
distribution condition which produces the 
above problems. However, it is necessary 
to change acceleration energy and to 
carry out the ion implantation for 
impurity installation many times, and 
there is a problem that the increase in 
cost by the increment in a process will 
arise, by this approach. 
[0010] Therefore, the object of this 
invention is between the impurity range 
which formed [ a substrate 
inner-drainage common and ] the 
impurity range in the substrate, being 
perpendicular, and not extending but 



attaining detailed-ization, and a 
substrate. P-N It is in offering the 
semiconductor device which controls the 
abrupt change of junction leakage 
current and increment which are 
generated about junction when changing 
the potential of an impurity or a 
substrate, and its manufacture approach. 
. [0011] 

[Means for Solving the Problem] A 
semiconductor device according to claim 1 
offers the semiconductor device which 
controls the abrupt change of junction 
leakage current and increment which are 
generated when changing the potential of 
an impurity or a substrate in view of the 
above-mentioned trouble about the P-N 
junction between the impurity range 
which formed [ a substrate 
inner-drainage common and ] the 
impurity range in the substrate, being 
perpendicular, and not extending but 
attaining detailed-ization, and a 
substrate. In the field which said 
semi-conductor substrate and P-N 
junction were formed in the position in a 
1 conductivity-type semi-conductor 
substrate, and concentration distribution 
changed steeply near [ said ] P-N junction 
as a configuration for it, and was 
separated from said P N junction, it is 
loose concentration distribution, and also 
is characterized by the structure of 
having the impurity range of a 
conductivity type. 

[0012] The manufacture approach of the 
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semiconductor device claims 2 and 3 and 
four publications offers the manufacture 
approach of the semiconductor device 
which controls the abrupt change of 
junction leakage current and increment 
which are generated when changing the 
potential of an impurity or a substrate in 
view of the above-mentioned trouble 
about the P N junction between the 
impurity range which formed [ a 
substrate inner -drainage common and ] 
the impurity range in the substrate, 
being perpendicular, and not extending 
but attaining detailed-ization, and a 
substrate. As a configuration for it, the 
impurity of other conductivity types is 
introduced into the position in a 1 
conductivity-type semi-conductor 
substrate by the ion implantation, and it 
is characterized by having the process 
which forms the impurity range of said 
other conductivity types, the process 
which introduces a fluorine into the 
position of said impurity range by the ion 
implantation, and the process which 
heat-treats to said substrate. 
[0013] A semiconductor device according 
to claim 5 offers the semiconductor device 
which controls the abrupt change of 
junction leakage current and increment 
which are generated when changing the 
potential of an impurity or a substrate in 
view of the above-mentioned trouble 
about the P N junction between the 
source / drain field which formed [ a 
substrate inner-drainage common and ] 



the source / drain field of a MOS 
transistor in the substrate, being 
perpendicular, and not extending but 
attaining detailed-ization, and a 
substrate, concentration distribution be 
characterize by have the source drain 
field which change steeply near the 
junction form between the substrates of a 
desired location , consist of a gate 
electrode formed in the 1 conductivity 
type semi-conductor substrate front face 
as a configuration for it at the part used 
as a component isolation region and a 
MOS transistor field , and an impurity of 
other conductivity types , and have 
concentration distribution loose inside . 
[0014] The manufacture approach of the 
semiconductor device claims 6 and 7 and 
eight publications offers the manufacture 
approach of the semiconductor device 
which controls the abrupt change of 
junction leakage current and the 
increment which are generated when 
changing the potential of an impurity or a 
substrate in view of the above-mentioned 
trouble about the P N junction between 
the source / drain field which formed [ a 
substrate inner-drainage common and ] 
the source / drain field of a MOS 
transistor in the substrate, being 
perpendicular, and not extending but 
attaining detailed-ization, and a 
substrate. The process which forms the 
part used as a component isolation region 
and a MOS transistor field in a 1 
conductivity-type semi-conductor 
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substrate front face as a configuration for 
it, Said MOS The process which forms 
gate dielectric film in the part used as a 
mold transistor field, The impurity of 
other conductivity types is introduced by 
the ion implantation, and it is 
characterized by having the process 
which forms a source drain field, the 
process which introduces a fluorine into 
the position of said source drain field by 
the ion implantation by using a resist as 
a mask, and the process which 
heat-treats to said substrate. 
[0015] A semiconductor device according 
to claim 9 offers the semiconductor device 
which controls the abrupt change of 
junction leakage current and increment 
which are generated when changing the 
potential of an impurity or a substrate in 
view of the above-mentioned trouble 
about the P-N junction between the 
source / drain field which formed [ a 
substrate inner-drainage common and ] 
the LDD field of a MOS transistor in the 
substrate, being perpendicular, and not 
extending but attaining detailedization, 
and a substrate. It is characterized by 
having the gate electrode formed in the 1 
conductivity-type semi-conductor 
substrate front face as a configuration for 
it at the part used as a component 
isolation region and a MOS transistor 
field, said semi conductor substrate and 
LDD field of an another side conductivity 
type, and the source / drain field which 
consists of an impurity of other 



conductivity types. 

[0016] The manufacture approach of the 
semiconductor device claims 10 and 11 
and 12 publications offers the 
manufacture approach of the 
semiconductor device which controls the 
abrupt change of junction leakage 
current and increment which are 
generated when changing the potential of 
an impurity or a substrate in view of the 
above-mentioned trouble about the P-N 
junction between the source / drain field 
which formed [ a substrate 
inner-drainage common and ] the LDD 
field of a MOS transistor in the substrate, 
being perpendicular, and not extending 
but attaining detailed-ization, and a 
substrate. The process which forms the 
part used as a component isolation region 
and a MOS transistor field in a 1 
conductivity- type semi-conductor 
substrate front face as a configuration for 
it, Said MOS The process which forms 
gate dielectric film in the part used as a 
mold transistor field, The process which 
introduces the impurity of other 
conductivity types by the ion 
implantation, and forms a LDD field, The 
impurity of said other conductivity types 
is introduced by the ion implantation, 
and it is characterized by having the 
process which forms the source / drain 
field, the process which introduces a 
fluorine into the position of the field 
which is said comparatively thin high 
impurity concentration by the ion 
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implantation, and the process which 

heat-treats to said substrate. 

[0017] 

[Function] FN between the impurity 
range formed in the substrate, being level 
and perpendicular, and not extending the 
impurity range formed in the substrate or 
the source / drain field of a MOS 
transistor, and a LDD field, but attaining 
detailed-ization with the semiconductor 
device concerning claims 1, 5, and 9, and 
a substrate It becomes possible to control 
the abrupt change of junction leakage 
current and increment which are 
generated about junction when changing 
the potential of an impurity or a 
substrate. 

[0018] The impurity range formed in the 
substrate by the manufacture approach 
of the semiconductor device concerning 
claims 2, 3, 4, 6, 7, 8, 10, 11, and 12 Or, 
being level and perpendicular, and not 
extending the source / drain field, and the 
LDD field of a MOS transistor, but 
attaining detailed-ization It becomes 
possible to control the abrupt change of 
junction leakage current and increment 
which are generated about the P-N 
junction between the impurity range 
formed in the substrate, and a substrate 
when changing the potential of an 
impurity or a substrate. 
[0019] 

[Example] Below, as one example of a 
semiconductor device according to claim 1, 
although detailed-ization is attained in 



the case of the N type impurity range 
formed in the P type substrate, it 
explains, referring to a drawing about the 
equipment which can reduce the leakage 
current of the P-N junction formed 
between a substrate and an impurity 
range, and its variation. 
[0020] Drawing 1 is impurity atom 
concentration profile drawing for the 
explanation of operation in the example 
of this invention. By drawing 1 , when an 
axis of abscissa is used into distance and 
the zero of high impurity concentration 
and an axis of abscissa is used as the 
center section of the impurity range for 
an axis of ordinate about the 
concentration of the N type impurity 
formed in the P type substrate, the N-P 
junction 8 formed between the field of the 
loose concentration change 6, the field of 
the steep concentration change 7 and an 
N type impurity range, and a P type 
substrate is shown in the impurity 
distribution 4 of a P. type substrate, the 
concentration distribution 5 of an N type 
impurity, and the concentration 
distribution 5 of an N type impurity. 
However, the N-P junction 8 shall be 
located in the concentration change 7 
steep about an N type impurity range in 
this case. 

[0021] Generally, if the P type of P-N 
junction or which potential of an N type 
field is changed, the depletion-layer 
width of face formed by P-N junction will 
change, and a junction current will flow. 
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If the potential of for example, an N type 
impurity range changes in the forward 
direction by taking this configuration, the 
depletion-layer width of face 9 of N P 
junction will spread, but when a 
depletion-layer field arrives at 
concentration change 6 loose field, and 
concentration change becomes loose here, 
the augend of junction leakage current 
can also be reduced. The power 
consumption at the time of being able to 
reduce the absolute value of the leakage 
current from a joint itself for this reason, 
for example, forming a circuit can also be 
reduced. 

[0022] Moreover, since the concentration 
change near the joint is steep, it can also 
attain detailed-ization of a component, 
without extending an impurity range. 
[0023] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 
[0024] Below, as claims 2 and 3 and one 
example of the manufacture approach of 
a semiconductor device given in four, 
although detailed-ization is attained 
when an N type impurity range is formed 
in a P type substrate, it explains, 
referring to a drawing about the 
manufacture approach that the leakage 
current of the P-N junction formed 
between a substrate and an impurity 
range and its variation can be reduced. 



[0025] Drawing 2 is the process sectional 
view of the example of this invention. 
Moreover, drawing 3 is impurity atom 
concentration profile drawing for the 
explanation of operation in this example. 
[0026] drawing 2 (a) **** - the 
ion-implantation mask 22 is used for the 
P type silicon substrate 21, for example, 
the ion implantation 23 of an N type 
impurity is performed on conditions, such 
as P, 30KeV, and 5E15 atoms/cm2, and 
the N type impurity range 24 is formed. 
[0027] drawing 2 (b) - the impregnation 
mask 25 -- using -* the ion implantation 
26 of a fluorine for example, 35KeV(s) 
and 2E15 atoms/cm2 ** - it carries out 
on the said conditions and (F) fluorine 
field 27 is formed in the pars basilaris 
ossis occipitalis of the N type impurity 
range 24. It heat-treats to a substrate 21 
after that, and an N type impurity is 
activated. 

[0028] Drawing 3 shows the N type 
impurity at the time of performing the 
above-mentioned heat treatment, and 
concentration distribution of F. An axis of 
ordinate expresses high impurity 
concentration, and an axis of abscissa 
expresses distance. In drawing 3 (a), the 
concentration distribution 31 of F 
immediately after an ion implantation to 
which the peak location 30 of 
concentration distribution of F crosses 
the peak location 32 of concentration 
distribution of an N type impurity to the 
concentration distribution 29 
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immediately after introducing an N type 
impurity into a P type substrate by the 
ion implantation is set up. It heat-treats 
in the state of this distribution. 
[0029] It compares with the distribution 
34 after heat treatment in case the 
concentration distribution 33 of after 
heat treatment and an N type impurity 
does not perform the conventional 
fluorine impregnation in drawing 3 (b), 
and is a fluorine. Although it has a loose 
change inside an N type impurity range 
under the effect of the diffusion depressor 
effect of (F), it changes steeply in the 
location distant from the peak. 
[0030] At this time, since diffusion in 
heat treatment of an impurity range is 
controlled, detailed-ization of a 
component can be attained. In addition, 
without the leakage current of a joint 
increasing for impurity part [ of N type 
loose even when the potential of an 
impurity range changes since it changed 
steeply near P-N junction with a 
substrate, although the distribution 
condition of an N type impurity changed 
gently inside the field, and the 
depletion-layer width of face of a joint 
spreads ] blanket-like voice, since the 
variation is also loose again, the 
substrate potential itself does not change 
a lot. For the reason, the stable good 
semiconductor device can be formed. 
[0031] In addition, as shown in drawing 2 
(c) instead of the process shown in 
drawing 2 (b), fluorine impregnation may 



be performed using the mask 22 for ion 
implantations of the impurity of N type, 
and simplification of a process can be 
attained. At this time, the field 28 of a 
fluorine can be formed in the location of 
not only a pars basilaris ossis occipitalis 
but arbitration to the N type impurity 
range 24 by performing fluorine 
impregnation by the large inclination 
theta. 

[0032] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 
[0033] Although detailed-ization is 
attained about the MOS transistor 
formed in the P type substrate as one 
example of a semiconductor device 
according to claim 5 below, it explains 
referring to a drawing about the 
equipment which can reduce the leakage 
current of the P-N junction formed 
between a substrate and an impurity 
range, and its variation. Drawing 4 is the 
sectional view of the semiconductor 
device at the time of applying this 
invention to a MOS transistor. 
[0034] drawing 4 (a) **** - in the MOS 
transistor which consists of the gate 
electrode 41, isolation 49, and N type the 
source / impurity range for drains 45, 
inside a field, make concentration part 
blanket-like voice of the source / N type 
impurity range 45 for drains into the 
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loose concentration change field 42, and 
let it be the rapid concentration change 
field 43 near the junction to a field pars 
basilar is ossis occipitalis and a substrate. 
[0035] If the potential of the source / N 
type impurity range 45 for drains 
changes for example, in the forward 
direction by taking this configuration, the 
depletion-layer width of face of the N-P 
junction 44 will spread, but when a 
depletion -layer . field arrives at 
concentration change 43 loose field, and 
concentration change becomes loose here, 
the augend of junction leakage current 
can also be reduced. Since the variation is 
loose, substrate potential does not change 
a lot. Moreover, the power consumption 
at the time of being able to reduce the 
absolute value of the leakage current 
from a joint itself, for example, forming a 
circuit can also be reduced. Since the 
concentration change near the joint is 
still steeper, it is also possible to attain 
detailed-ization of a component. 
[0036] In drawing 4 (b), by make 
impurity distribution of the gate 
electrode direct bottom and the isolation 
direct bottom into the rapid concentration 
change field 2 (43b) and the rapid 
concentration change field 1 (43a) about 
the source / N type impurity range 45 for 
drains of a MOS transistor, the single 
channel effect which be the basic 
property of a transistor raise control or a 
separation property, and while attain 
detailed-ization, the increment in 



junction leakage current and its variation 
can be reduce. 

[0037] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 
[0038] Although detailed-ization is 
attained about the case where a MOS 
transistor is formed in a P type substrate 
below as claims 6 and 7 and manufacture 
approach 1 example of a semiconductor 
device given in eight, it explains referring 
to a drawing about the manufacture 
approach that the leakage current of the 
P-N junction formed between a substrate 
and an impurity range and its variation 
can be reduced. Drawing 5 is a process 
sectional view at the time of applying this 
invention to the manufacture approach of 
a MOS transistor. 

[0039] In drawing 5 (a), in forming the 
MOS transistor which becomes the P type 
substrate 21 from the gate electrode 41 
and isolation 49, the source / N type 
impurity 51 for drains is introduced by 
the ion implantation using the 
impregnation mask 22, and the source / N 
type impurity range 45 for drains is 
formed. 

[0040] In drawing 5 (b), a fluorine (F) is 
introduced by the ion implantation using 
the impregnation mask 25, and they are 
the source/object for drains. The fluorine 
(F) field 53 is formed in the pars basilaris 
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ossis occipitalis of the N type impurity 
range 45. Heat treatment is added to a 
substrate 21 after that. 
[0041] They are the source/object for 
drains by performing the 
above-mentioned process in drawing 5 (c). 
Inside a field, make concentration part 
blanket-like voice of the N type impurity 
range 45 into the loose concentration 
change field 54, and let it be the rapid 
concentration change field 56 near the 
junction to a field pars basilaris ossis 
occipitalis and a substrate. 
[0042] If the potential of the source / N 
type impurity range 45 for drains 
changes for example, in the forward 
direction by taking this configuration, the 
depletion-layer width of face of the N-P 
junction 56 will spread, but when a 
depletion-layer field arrives at 
concentration change 54 loose field, and 
concentration change becomes loose here, 
the augend' of junction leakage current 
can also be reduced. Since the variation is 
loose, substrate potential does not change 
a lot. Moreover, the power consumption 
at the time of being able to reduce the 
absolute value of the leakage current 
from a joint itself, for example, forming a 
circuit can also be reduced. Since the 
concentration change near the joint is 
still steeper, it is also possible to attain 
detailed-ization of a component. 
[0043] In addition, as shown in drawing 5 
(d) instead of the process shown in 
drawing 5 (c), fluorine impregnation may 



be performed using the mask 22 for ion 
implantations of the impurity of N type, 
and simplification of a process can be 
attained. At this time, the field 58 of a 
fluorine can be formed in the location of 
arbitration called the field of for example, 
not only a pars basilaris ossis occipitalis 
but the gate electrode direct bottom, or 
the isolation direct bottom to the N type 
impurity range 45 by performing fluorine 
impregnation by the large inclination 
theta. While the single channel effect 
which is the basic property of a transistor 
raises control or a separation property 
and attaining detailed-ization, without 
this increasing a process, the increment 
in junction leakage current and its 
variation can be reduced. 
[0044] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 
[0045] Below, as one example of a 
semiconductor device according to claim 9, 
although detailed-ization is attained 
about the MOS transistor formed in the P 
type substrate, it explains, referring to a 
drawing about the equipment which can 
reduce the leakage current of the P-N 
junction formed between a substrate and 
an impurity range, and its variation. 
Drawing 6 is the sectional view of a 
semiconductor device at the time of 
applying this invention to the MOS 



13 



JP08- 181311 



transistor which has LDD structure. 
[0046] In the MOS transistor which 
consists of the gate electrode 41, isolation 
49, a LDD field 81, and N type the source 
/ impurity range for drains 82, inside a 
field, make concentration part 
blanket-like voice of the LDD field 81 into 
the loose concentration change field 83, 
and let it be the rapid concentration 
change field 84 near the junction to a 
field and a substrate in drawing 6 . 
[0047] If the potential of the LDD field 81 
changes for example, in the forward 
direction by taking this configuration, the 
depletion-layer width of face of N-P 
junction will spread, but when a 
depletion-layer field arrives at 
concentration change 83 loose field, and 
concentration change becomes loose here, 
the augend of junction leakage current 
can also be reduced. Since the variation is 
loose, substrate potential does not change 
a lot. Moreover, the power consumption 
at the time of being able to reduce the 
absolute value of the leakage current 
from a joint itself, for example, forming a 
circuit can also be reduced. Since the 
concentration change near the joint is 
still steeper, it is also possible to attain 
detailed-ization of a component. 
[0048] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 



[0049] Below, as claims 10 and 11 and one 
example of the manufacture approach of 
a semiconductor device given in 12, 
although detailed-ization is attained 
about the case where a MOS transistor is 
formed in a P type substrate, it explains, 
referring to a drawing about the 
manufacture approach that the leakage 
current of the P N junction formed 
between a substrate and an impurity 
range and its variation can be reduced. 
Drawing 7 is a process sectional view at 
the time of applying this invention to the 
manufacture approach of the MOS 
transistor which has LDD structure. 
[0050] In forming the MOS transistor 
which becomes the P type substrate 21 
from the gate electrode 41 and isolation 
49 in drawing 7 (a), the N type impurity 
61 for LDD is introduced by the ion 
implantation using the impregnation 
mask 63, and it is an object for LDD. The 
N type impurity range 62 is formed. 
[0051] In drawing 7 (b), a fluorine (F) is 
introduced by the ion implantation using 
the impregnation mask 25, and the 
fluorine (F) field 53 is formed in the pars 
basilaris ossis occipitalis of the N type 
impurity range 62 for LDD. Heat 
treatment is added to a substrate 21 after 
that. 

[0052] In drawing 7 (c), a sidewall 64 is 
formed to the gate electrode 41, an ion 
implantation performs installation 68 of 
the deep N type impurity the source / for 
drains by using a gate electrode and the 
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impregnation mask 22 as a mask after 
that, and the source / drain field 65 is 
formed so that it may lap with some or all 
in the N type impurity range 62 for LDD. 
Heat treatment is added to a substrate 21 
after that. 

[0053] If the potential of the N type 
impurity range 62 for LDD changes for 
example, in the forward direction by 
taking this configuration, the 
depletion-layer width of face of N-P 
junction will spread, but when a 
depletion-layer field arrives at a loose 
concentration change field, and 
concentration change becomes loose here, 
the augend of junction leakage current 
can also be reduced. Since the variation is 
loose, substrate potential does not change 
a lot. Moreover, the power consumption 
at the time of being able to reduce the 
absolute value of the leakage current 
from a joint itself, for example, forming a 
circuit can also be reduced. Since the 
concentration change near the joint is 
still steeper, it is also possible to attain 
detailed-ization of a component. 
[0054] In addition, fluorine impregnation 
may be performed using the mask 22 for 
ion implantations of the impurity of the 
thin N type for LDD shown in drawing 7 
(d) instead of the process shown in 
drawing 7 (c), and simplification of a 
process can be attained. Moreover, the 
field 67 of a fluorine can be formed in the 
location of arbitration called the field of 
for example, not only a pars basilaris 



ossis occipitalis but the gate electrode 
direct bottom, or the isolation direct 
bottom to the N type impurity range 62 
for LDD by performing fluorine 
impregnation 66 by the large inclination 
theta at this time. While the single 
channel effect which is the basic property 
of a transistor raises control or a 
separation property and attaining 
detailed-ization, without this increasing a 
process, the increment in junction 
leakage current and its variation can be 
reduced. 

[0055] As mentioned above, according to 
this example, although detailed-ization of 
a component is attained, the increment in 
the leakage current produced in the joint 
of a substrate and an impurity range and 
its variation can be controlled. 
[0056] In addition, the same effectiveness 
is acquired when Xhe impurity range of P 
type, the source / drain field, and a LDD 
field are formed in an N type substrate in 
the above-mentioned example. 
[0057] 

[Effect of the Invention] The impurity 
range which formed this invention in the 
substrate as mentioned above Or, 
attaining detailed-ization by changing 
steeply concentration distribution of the 
source / drain field of a MOS transistor, 
and a LDD field near the P N junction 
which changes gently inside a field and is 
formed between substrates The abrupt 
change of junction leakage current and 
increment which are generated about the 
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P-N junction between the impurity range 
formed in the substrate and a substrate 
when changing the potential of an 
impurity or a substrate can be controlled. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll Impurity atom concentration 
profile drawing for the explanation of 
operation in the 1st example of this 
invention 

[Drawing 2l The process sectional view of 
the manufacture approach of the 
semiconductor device in the 2nd example 
of this invention 

[Drawing 31 Impurity atom concentration 
profile drawing for the explanation of 
operation in this example 
[Drawing 41 The sectional view of the 
semiconductor device in the 3rd example 
of this invention 

[Drawing 51 The process sectional view of 
the manufacture approach of the 
semiconductor device in the 4th example 
of this invention 

[Drawing 6l The sectional view of the 
semiconductor device in the 5th example 
of this invention 

[Drawing 71 This invention is the process 
sectional view of the manufacture 
approach of the semiconductor device in 
the 6th example. 



[Drawing 8l The impurity distribution 
map for the explanation of operation in 
the 1st conventional example of this 
invention 

[Drawing 91 The sectional view of the 
semiconductor device in the 2nd 
conventional example of this invention 
[Description of Notations] 

6 Loose Impurity Distribution 

7 Steep Impurity Distribution 

8 P-N Junction 
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